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OdI Culture 



Field of the Invention 

5 The invention relates to cell culture, and in particular to the culture of piuripotent cells, 
totipotent cells and stem cefls and the regulation of their development through 
modulation of cell culture conditions-. The invention relates to the use of multiple culture 
steps under a pluralify of condifions to modulate diflerentiation pathways in cells and 
provides methods for determintng the effect of diverse mutttple cufture step regimes on 
10 cell growth and differentiation. 

Backgraimd to the Invention 

Over recent years ceil cuitune has become a core technology in the life sciences. Ceil 
IS culture provides the basis for studying the proliferation and differentiation of cells, and 
the fonnatlon of biological products, it has also provided the means to study the 
regulation of these processes, irom the genetic level - whether in isolation or in whole 
transgenic animals - down to the level of individual protein molecules. Notwithstanding 
its enonmcus atntrlbudon to the current stale of biology, in many respects cell culture 
20 remains a developing discipline, albeit an unusually exciting science ultimately offering 
the possibility of genetic therapy and tissue engineering. 

An important goal of cell culture Is to be able to grow a wide variety of cells in vitro. The 
list of different cell types that can be grown In culture Is extensive (see wvi/w.atccoig}, 
25 includes representatives of most cell types, and is continually mcreasing as more and 
more culture conditions are discovered. Despite the steady progress in the field, the 
method of determining suitable culture condffions for new ceil types remains totally 
empirical: growth conditions are almost always discovered by trial and error. The choice 
of starting point wili often be based on what was previously used by others for similar 
30 cells, or even what Is currently being used in the laboratory for different cells. IMany times 
thesa will simply be completely Inadequate, and a process of trial and error must b^in 
anew. Even when new cuRun^ conditions are successful, rt is worthwhile remembenng 
that adaptations of previous protocols will have introduced a historical bias to the 
experiment. For instance, much of the early tissue culture experiments made extensive 
35 use of fibroblasts, and to this date most standard cell culture conditions favour growth of 
cells derived from the mesoderm (fibroblasts, endothelium, myoblasts). The development. 
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of setective growth media for eprthdial and other cell types based on these conditions 
ves a challenge. For some of these ceO lypes tt is now known that serum - a nomal 
component of many culture media for mesodemtal cells - actually inhibits growth. One 
aspect rfiie invenfion <test^-bed "herein Is a mislhod fer devetoping suftable culture 
5 conditions whidi alfowforthe growth of parlicuter cell typ^. 

Apart nam conditions that favour cefl prollferaflon, a particuteriy Important step In modem 
tissue culture te .to te able to control or direct the dWferentfatfon of cefls toward* a 
partlouter phenol As propagation of cell Dnes requires that the cell number increases. 

10 the vast m^orily of cajllure condiHona have been developed to favour masdmal cell 
prorrferation. ft is not surprising that these wndilions are not conducrve to ceil 
differentiation, where cell growth is often limited or even abolished. The conditions which 
favour cell pronferation are generally low cell density, low Ca^ concentration, and the 
presence of growth factors such as epidennal growth factor (EGR. fibroblast growth 

15 factor (FGF) and plateletderivsd growrth factor (PDGF). On the other hand,' cytostesls 
and dffferentiatfon are promoted fn conditions of h'gh cell density, high Ca» 
concentration and the presence of dlffBrentTafion hduoers such as homiones (ag. 
hydrocortisone), paracrine fectore (e^; IL-6. KGF. N6F). refinoida and even planar polar 
compounds such as dimethylsulphoxide (DMSO). Hence different conditions may be 

20 required for propagaBon and.dlfferenBaBon oF a parficutef cell line, and of course these 
respective conditions may differ between cells of different lineages. A second aspect of 
Ihe mvantion described herein is a method for discovering suitable culture condiBons 
whidi allow far ttie selective differenlraHon of ceDs. 



25 



-mere is a need in the art for improved techniques fbr culluring cells, and methods for 
discovering and implementlns such techniques for ceUular growth and differentiation. 



Summary of the lAvenfion 

30 The present imrertiort provides novel ceH culture techniques which arc based on the 
perespBon that ceH culture is better approached as a dynamic process involving seriaj 
culture steps peribmied In a defined sequence to achieve a desired effect The invention 
recognises that sequenfial exposure to selected agents may be e^qjlolfed to modulate 
the differentiation of cefls and thus achieve a level of control over ceDular dBEerentlaaon 

35 not previously attahaHe by convenConal techniques. 



1 




The Invention address^ the problem that cell culture techniques invohrfng a plurality of 
steps and agents are difficult rf not impossible to determine by conventi<»ial 
experimentatton, whbh In the prior art has involved tnal and emjr. Empfrk^ 
detenrunatksn of tissue cuRuns condiBbns In complex, mulfi-st^ procedures Is not 
5 feasftde in practtce. 



In a first aspect, the Invention proves a method for deterni'mihg the effect of a plursdity 
cH ojiture conditions on a cell, comprising the Steps of: 

(a) providing a first set of groups of cell units each compriarg one or more c^te, 
10 and exposing said groups to desired culture conditions; 

(b) pooling two or more of safel groups to form at least one second pool; 

(c) subdividing the second pool to create a further set of groups of cell units; 

(d) exposing said further groups to desired culture conditions; 

(e) optfonaDy, repeating steps (b) - (d) iteratively as refluirect and 

15 (1) assessing the effect on a given cell unit ofthe culhjre condHJons to which it has 

been exposed. 

The invention addresses both the proliferation and differentiation of ceils. Preferably, the 
invention is used to identify condifions which result in cellular differentiation. For 
20 example cells may be induced to differentiate along a desired developmental pathway, 
by subjecting the cells to appropriate culture conditions. The timing of the changing of 
culture conditions is also exploited b better define the developmental fate of the cells, 

Cufture conditions Include growth mecBa. agents present in growth media, temperature 
25 regimes, substrates, atmospherfo conditions, phyidcal cell temdllng and the like. 

The above method of the invention, known as split-pool culturir^r allows cells to be 
subjected to a series of culture conditions, and exposed to a series of agents in culture 
media, in a eyst^atjc and highly producGve manner.. 

30 

Although repetitive cycles of splitting and pooling may be used highly efficiently, in a 
similar manner to combinatorial chemistry protocols, given the necessary processing 
power protocols invol^ng sequential splitting without repooling may be used. The 
disadvantage of such protocols Is that they quiddy generate a very large number of 
35 separate samples, whidi have been handled di^erently. The advantage, however, is 
that each sample does not require laborious deoonvolution, since the cell ixrute ther^ 
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have only been exposed to one set of condifions. Accordingly, gh/en suitable sample 
hancSIng fiadlifies, a ^liHing approach can yTeld rapid [touKs, 

The invention accordingly provides, in a forther aspect, a method for deftwminilf^ the 
S eBect of a pluralcty of cuttuns condi&ons on a cell, comprtelng the stef^ of: 

(a) prowdlng a fir^t set of group^ of cell unfts each comprising one or more cells* 
and exposing saFd groups to desinad culture conditions; 

(b) subdividing one or more of said groups to create a furfiier $et of groups of cell 

units; 

10 (c) exposing said further groups to further dMired culture condffions; 

(d) optionally, repeating steps (b) - (c) Itersttiveiy as requtned; and 

(e) assessDTtg ihe effect on a given cell unit of the cufture conditions to which It 
has been e3q>osed. 

IS The invenlicn employs cell unfts. 5uc4i units may be single cells, but are ach/antageousiy 
cofoni^ of two or more oells> \whlch are arranged in such a fon^ that they ar^ resistant to 
disnjptlon even during spJit pool cufturing procedures. For instance, the cells may be 
cultured on a solid substrate, such as beads, as described in more detafl below. 

20 Advantageously, the cell, units are labelled. Labeling allows the folloviring of tf)e cultijre 
condrtlons to whicti the cells have been esxposi^ thus, any given cell unit can have its 
label read In ord^ to determine how ft has been derived from ttie starter cell pool or 
culture. Ubdto may take any of a variety of fbrnis, including nucleic add lab^, 
nadtofrequenq/ encoded tags and spatial encodii^ of ceR units on a surface or matrix. 

25 

The method of the Invention alb\Afs thousands or millions of cell culture conditions and 
reagents to be tested, in a multiplexed high-throughput assay, to determirie the 
conditions necessary to achieve the dlffeiBntiation and/or proRferation of cells as desired. 

30 m a further aspect; the invention provides a method tor identifying a gene which 
influences cell proRferaHon and/or dKferenfiation, oomprising the steps oi: 

a) detenmlning the eiTect of one or more cutture conditions on a cell unit, in 
accordance vrith the foregoing aspect of the invention; 

b) analysing gene aepression in said cell units when exposed to said culture 
35 conditions; and 




c> idenfifying genes which are differerdialiy expressed under desired cutture 
conditions. 

Advantageously, the culture conditions cause a change rn the cBSerentfafion state 
5 and/or rate of praliferalion of the cells; these culture conditions are seeded for the 
production of cells in whtdh gene expr^bn is analysed. Gene expression may 
conveniently be analysed using array tedmolcgy, which ia widely a\^IIabl8 itom 
suii^IIers such as AflymetnX 

10 In another aspect, fhe invention provides a method for producing a nudeic acid which 
encodes a gene product which influences cell prOlHemtion and/or cUfTerentiation, 
comprising identifying a gene as above, and producing at least the coding region of said 
gene by nucleic acid synthesis or biological reprtcation. 

15 In a iiirther aspect, there Is provided a method for inducing difierentiafion and/or 
proliferation rn a cell. compHsb^ the steps of: 

a) identifying one or more genes which are difterentially expressed in assodatlon 
cell differentiation and/or proliferation in accordance with the invention; and 

b) modulating the expression of said one or more genes in the cell 

20 

The expression of the genes in the cell can be modulated by, for example, transfecting or 
otherwise transferring the gene into the cell such *at it is ovenexpressed in a transient or 
permanent manner. Altematively> the expression of the endogenous gene may be 
altered, such as by targeted enhancer insertion or the administration of exogenous 
25 agents which cause an Inorsase In exprsssfon of the gene. Moreover; the product of the 
gene may itself b& administered to the cell to achieve the same result 

In a still further asp&dt, the invention provides a method for idontilVing the diffi&rdniiation 
state of a celt, comprising fhe steps o^ 
30 a) identifying one or more genes which are diflerentially exprddsed In associafion 

with celt differentiation as set'forth above; and' 

b) detecting the modulation of expression of said one or more genes in a cell, 
thereby determining the diflferentiation slate of said cell. 

35 Advantageously, the genes employed in this analysis encode extracellular markers, 
which may be delected for insitance by immunoassay. 




The mvention Hirtter provide a meBiod for producing a differentiated cell comprf^n^ 
ftiB stef^ of^ 

3) deteiminfr^ the effect of one or more oAIiob conditions on a oeO unit, in 
5 accordance with tiie foregoing asped of the Inverrtnion; 

b) exposing a plurrpotent or totipotent edl to culture conditions whfdi induce the 
desired diflerentiatibn; and 

c) isolating the desired differentiated cell. 

10 Differentfafed cefls, particularty F^rtiy diffisrenfiated, pluripotent cells, are useful in oelluiar 
therapies and other proceduiies in which cells of a defined lineage are required. 

There is also prcfsAdBd a method for identifying an agent u^ich ia capable of inducing cei! 
dtfTecenti^lion, comprising the steps of; 
15 a) determining the effect of one or more agents on a cell unit, in accordance with 

the foregoing aspect of the fnvenfion; and 

b) Idenfit/ing those agent(s) which induce the desired drffsfentiation in the celf 

units. 

20 Agents ider^ed In eccoidance vrith the .Inven^n may be syntheslsed by conventional 
or other techniques, and used in methods for differentiating or prolSerating cells for 
e>Gample as described herein. 

The invention nnoreover bnoadly provides methodis of culturing stem cells, and 
25 differentiated ceils derived from stem cells in vitro, adherent to microcarriers, eutih ae 
beads. iMlcrocan-ier culture has significant advantages. Including the scale-up of 
cultures, and also allows units of stem cells to be exposed to selected culture conditions 
as rfequired in order to obtain the desired growth and/or differentiation conditions. In the 
broadest embodiment ttierefore, the irivenfaon provides a method tor culturing stem cells 
30 and differentiated cells deifvsd from stenn cells in vitro, compnsing growing said cells 
adhered to a microcanier or bead. 

Advantageously, the culture Is subjected to at least one change of cuihjue condl^ns. 
Preferably, they ars subjecfed to 2, 3, 4, 5, 6, 7, 8, 9. or 10 or m^ore different cuiture 
35 conditions. Preferably, said change of cuiture conditions comprises a change of 
medium. 
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The inventicn moreover provide methods for culturlng stem cells m which pools of stem 
cells are created and subdivided as describe far the precsdrng embodiments of the 
Invention, thus, in one a^ec^ there provMed a method for cuSurfng stem o^ls end 
5 differentiated cells derive from ^em cells in vitro* compri^'nd Ihe $tsps on 

a) combftwig one or more cultures of cells grom under diffi^rent conditions; and 

b) cultunng the c^ls und^ common condmons. 

In further embodiment, there is provided a mettiod for OJlturing stem cel^ and 
10 differentiated cells deifved from stem cells in vitro, comprising the steps oft 

a) Incubating a stem cell culture; and 

b) splitting said culture into two or more groups of stem cells, and cufturing said 
group of stem cells und^ two or more dlfierent ^4s of culture OMidJfions. 

15 Preferably, the cells are exposed to 3. 4. 8, 7, 8, 8, 10 or more different culture 
conditicns. The culture oonditions used advantageously comprise a change of medium. 



Advantageously, cells are cultured in cell units, eadh cell unit comprising one or more 
cells. For example, the ceD units are single cells. 

20 

However, each cell urat can comprise one or more oells adhemerrt to or bounded by a 
solid substrate, such as a microcamer or bead. Further solid substretes Include a well or 
medium-pemneable bam'er. 

25 M^ods for cutturbig stem cells according to the invention be SC^I^ up In suitable 
bioreactors. For example, method of the invention may be practised using mors than 
SOg dry weight of mlcrocanier 

Brief Description of the Figures 

30 

Figure 1 shows an example of split-pool cell culture perfonmed over two rounds. A group 
of cell unite is obtained by growing under condition A, Cell units ere depicted as sphenea 
In which are written the culture conditions to which they have been exposed The ceD 
units are spn randomly Into three eHquois which are cultured for two days under dtflisrent 
35 growth conditions denoted C or D. The cell units are subsequently pooled and split 
once mors Into three aliquots which are again grown under oondlSons B, C or D. After 



DHDt-OZ I»:0IP» Fr«H)WUII6 4C0 4flt380 719800 T-24r P.Dll/WI M53 



two rounds of thfe protocol, it c^n seen that the various ceD gfoups have been 
exposed to an possible combination? of cell culture condifions. 



S Detailed Description of the Invention 
Definitions 

culture CondWona As used, herein, the term "cuRure oonditlonar refers to the 
10 environment vAIch cells are placed in or are exposed to it» order to prxjmote growth or 
dffferentiation of said cells. Thus, the temi refers to the medium, temperature, 
atmospheric conditions, substrate, stirring conditions end Ihe liRe which may afitect the 
growth and/ ordiiferenUation of cells. Rflore perticulariy. the temi refers to specific agents 
which may be incorporated irrto culture media and which may infUience the growth 
15 and/or cfifferenfa'atiDn of celte. 

Cell A cen. as inferred to herein, is defined as the smallest slniclural unit of an organism 
that is capable of independent fundtoning, or a Single-CBlted organism, consisting of one 
pr more nuclei, cytoplasm, and various organelles, all surrounded by a semiperrneabie 

20 cell membrane or ceD v«fll. The cbB may be prokaryotlc. euKsryotic or archaebacterial. 
For eaeampte. the ceB may be a eukaryofio cell. Mammalian cells am prsfen-ed. 
especially human cells. Cells may be natural or modified, such as by genetic 
manipulation or passaging in culture, to achieve desired properties. In the present 
{nventlon, celts are typically pluripotent or totipotent. A stem cell is defined In more 

25 detail below, and is a pluripotent cell capable of transdHferendation into more than one 
differentiated cell type. Stem adls may be dHfefenBated ff» m&d to give rise to 
differentiated cells, vtfhich may themsehree be pluripotent. or may be "tennlnally 
differentiated. Cete differentiated /n varo are cells which have been creaiBd artfflclally 
by exposing stem cells to one or mona agents which promote cell differenflation. 

30 . 
Cell unit A group of cells, v/hich may be a group of one. Pools of cell units may be 
sorted, subdivided and handled without dissociating the cell units themselves, such that 
the cell unit behaves as a colony of cells and each cell In the ceB unit is exposed to the 
same culture condifiona. For example, a cell unit may be a bead to which is adhered a 

35 group of cells. 
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' Totipotent A totipcrtent cell Is a cell which may differentiate into another cell of any cell 
lineage. Thus, any desired ceD may be derived, by some means, from a totipotent ceil. 

Piuripotent A plunpotent ceO is a cell which may differentiate into more than one» but 
5 not all, ceQ types. 

I^bel A label, as used herein, te a means to idenBfy a cell unit and thereby determine a 
cuRure condition, or a sequence of culture condifions, to which ft has been exposed. 
Thus, a latsel may be a group of labels, each added at a specrRo cuiturvtg step; or a labd 
10 which Is modified according to the culturing steps to which the ceil unft is exposed; or 
simply a positional reference, which allows the culturnig steps used to be deduced. A 
label may also be a device that reports or records the location Of ^ ceD unit at any one 
time. 

15 Exposure to culture conditions A ceil is exposed to culture conditions when it !s 
placed in a medium, or under conditions m whidi, the culture conditions aire able to affect 
the growth or differentiation of the cell. Thus, if the culture conditions comprise culhrring 
the ceil In a medium, the ceil Is placed in the medium for a sufficient period of time for It 
to have an effect. UKewise^ If the conditions are temperature conditions, the cells are 

20 cultured at the desired temper^re. * 

Pooling The pooling of one or more groups of cell units involves the admrxture of the 
gnaups to create a single group or pool which comprises cell units of more than one 
baclcgn^und. that is that have been exposed to more than one different sets of culture 
25 conditione. A pool may be sidsdvided further into groups, either randomly or non- 
randomf^ such groups are not themselves "popfs" far the present purposes, but may . 
themselves be pooled by combinatton, for example after e^cposuine to different sets of 
culture conditions. 

30 Proliferation Cell growth and ceil proliferation are used interchangeably herein to 
denote multiplication of cell numbers without differentiation into different cell ^rpes or 
lineages. In other words, the terms denote multiplication of cell numbers. 

Differentiation Cell differentiation Is the development, from a cell type, of a different cell 
35 type. For eixample. a piuripotent or toKpotenl cell may dHTerentlate into a neural cell. 
Differentlata'on may be accompanied by proFifi^^on, or may be independent thereof. 
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Differentiation state The cflfferenHation state of a ce« fs the iewel to which a cell has 
dfpferentiated atong a particular pathvaiay or lineage. 

Gene A gene is a nucfaic add whloh encodes a gene product to it a polypeptide or an 
RNA gene product As used herein, a gene Includes at least the codhg sequence which 
«noodes the gene product; It may. opBonatty, Include one or mors reflulatoiy regions 
necessary forthe transcription and^translafion of the coding sequence. 

Gene Product A gene product fs typically a protein encoded by a gene in the 
oonventlonat manner. However, the tenm also entsompasses noniwiypeptid© gene 
produds. such as ribonucleic adds, which are encoded by the gene. 

Nucleic acid synthesis Nudeic adds may be syntheslsed according to any availabl© 
15 technique. Preferably, nudeic add synthesis Is automated. Moreover, nudeic adds 
may be produced by biological repHcatlon, sudi as by clohing and rspllcation in bacterial 
or eukaiyotte cells, according to procedunes Imown In the art 

Diffoi«rtfial Expression Genes whidi are expressed at different levels in response to 
20 ceB culture conditions can be identified by gene expiession analysis, such as on a gene 
array, by methods known in the art Genes whfch are dififerentially expressed display a 
greater or lesser quantity of mRNA or gene product in the ceH under the lest conditions 
than under altemattve conditions, relative to overall gene expression levels. 

25 Transfectton Genes may be transfeded into cells by any appropriate means. Thetemi 
is used herein to signify conventional transfedlon. iof example using caldum phosphate, 
but also to indude other techniques for transferring nudefc adds into a cell, Induding 
transfotmafion, transduction, etedropbratlon and the ni«e. 

30 Modulation The term modulaSon is used to signify an increase and/or decrease in the 
parameter being modulatsd. Thus, modulation of gene expression indudes both 
Increasing gens oqMBsslon and decreasing gene repression. 



Stem Cells 



35 




Stem cells are cJesaibed In detail in Stem Cells: SdenMc Progress arid Future Res^ancfi 
Dn^dfons. Department of Health and Human Services. June 2001. 
http://www.nih.gov/news/stemcell^cfreportht^ The omtents of the report are herein 
incorporated by reference. 



5 

Stem cells are cells that are capable of dKfenenBattng to form at least one and sometimes 
many speccaRsed cell types. The reperbnre of the drfferent cells that can be formed from 
stem cdls is thoi^htio be ^ausiive: that Is to say it includes all the dTferenf cell types 
that make up the organism. Stem ^s are present throughout tie Itietbne of an 
10 organism, from the early anbryo where th^ are relatively abundaitt, to the adult where 
they are relatively rare. Stem cells present in many tissues of adult ardmals are important 
in nornr^l tissue repair and homeostasis. 

The existence of these cells has raised the possibility that they could provide a means of 
IS generating specialised funcfaonal cells that can replace dead or non-fundtoning cells in 
diseased tissues. As unc^erentiatecr stem ceRs transplanted Into animals ftiequently give 
rise to tumours, it Is envisaged that diffisrerrtiatlng the stem cells into more specidteed 
cells will be a pre-requisite for cell replacement therapy. The list of c&seases for which 
this may provide therapies Indudas Paridnson's disease, diabetes, spinal cord injury^ 
20 stroke; chronb heart disease, end-stage kidney disease, liver failure and cancer. In order 
for cell replacement therapy to become feasible at least two major breakthroughs in stem 
cell research are nequined. First, conditions for growing stem cells to sufficient numbers 
need to be developed, so that therapeutically relevant doses of cells can be 
manufadunsd. Ideally large-scale cultures would be possible, providing maferiai to treat 
25 multiple patients. Secondly, it will be necessary to discover conditions for cGfibrsn&tir^ 
stem cells In to the particular, spedalTsed cell types required for dSSensnt dteeases. 

t 

ft Is dear ttmt ttre key to these obstades li^ rn devising suitable methods of ceil cuKure 
for stem cells and their derivatives. However, because of the reasons e^lained above - 
30 namely the laborious process of trial and error involved In the evolution of cell culture 
techniques - the task is particularly difficult. Hence one of the applications opf the 
invention described herein Is in the elucidation of techniques for the growth and 
differentiation of stem cells. 
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•p)ipp.anF stem cell 

There i s stiD considerable d^e about w hat con stitutes astern celi._hov»evBr for the 
purposes of thfe discussion a' key char^stic is the ability to d^reirtiate Wo a 
. 5 diffef^t cen type. Examples cjf stem cells are given below. 

Different stem cells have differing potential to Ponm various cell types: sperraatogonial 
«tem cells are unipotert as they naturally produce only spetmatozoa. whereas 
haematopoietic stem cells are miillipotent, and embiyonte stem cells are thought to be 
10 abletogiverisetoanceBfypesandaresaidtol»totlpotentorplurtpclBnL 

To date three types of mammalian plunpotent stem ceil have been isolated. These cells 
can give rise to cdl types that aie nonnally derived from all three germ layers of the 
embryo (endodemi. mesodemi and ectodemi). TTie three types of stem cell are: 
15 embryonal carcinoma (EC) cells, derived from testicular tumours; embiyonfo stem (ES) 
cells, derived from the pre^implantation embryo Cnomtally the bteslocyst); and embiyonte 
gemi (EG) cells derived ftttm the poat-lmpianlalion embryo (normally cells of the feetus 
destined^ become part of the gonads). Thesecells are receiving particular attenHon in 
the effort to direct dlfferentiaeon. precisely because they are plurtpotent 

20 

Stem cells are also present In the adult organism. An adult stem ceO is an 
undifierentiated cell that occurs In a differentiated (specialiaed) tissue, renew^ itself, and 
can diffferentiate to yield more specialised cells. Recently it has been shown that adult 
stem cells are capable of plasticity, that is to say they can differentiate to yield cell types 
25 that are not characteristic of the tissue in vvhich they reside, nor Indeed of the genfl layer 
from which that tissue originates For example. It has been shown ttial blood stem calls 
(derived from mesoderm) can dWerentlale Into neurons (normally derived from 
ectoderm). Toma et a/.<2001, Natum fi/W. 3. p778-7S4) have recently described the 
identification and isolation of a new type of stem cell that was derived ftm the dennis of 
30 the sWn. These stem ceBs were termed sldiMferived precuraor (SKP) cells. The SKP 
cells could he Induced to dififerentiate by cuKuring art poly-lysine and varying the 
concentrertion of serum in the culture medium. In the absence of serum they differentiate 
into neurons and glial cells; with addrlion of 3% serum they differentiate into smoolh- 
musde cells; and inoreasing the serum to 10% causes the SKP cells to differentiate Into 
35 adipocytes. Adult stem cells have so f^r been reported m tissuss as diverse as the 




narvous system, the bone marrow and blood, the Ever, skeletal muscle, Ihe skin and 
digesUve system. 



In adcSion to the adult stem cells there are nienerous types of progenitor or precursor 
5 celld. These are partially spedaiised cells that occur in probably all of the tissues of the 
body - they are capable of dSferenSatvig but differ from stem ceils In that their nepertofre 
k not as broad, and by definftton Biey.are not capable of self-renewal. Recent evidence 
even suggests that dffferentiated cell types are capable of changing phenotype. This 
phenomenon, tanned transdfffenentiatlon, Esfhe conversion of one dlfferenHated cell type 

10 to another, with or wfSiout an intervening cell division, li used to be generally accepted 
tfiat the terminal differentiated state Is fixed, but ft is now clear that dlffenBntiaffon can 
sometimes be reversed or altered. The appearance of hepatocytes in the pancreas is 
one well-documented example of transdrfferentiation. Hepatocytes appear In the 
pancreas of hamsters or rats In response to .various experimental treabnent? — for 

15 example, ineabnent of rats a copper-deficfent dlet^ or after transplantation of 
epHhenal cells, and in tran^enic mice tfiat overexpress keraOnocyie growth factor in the 
pancreat'c Islets. The rev^e transdifferentidtion (Bver to pancraatlc exocrine cell) Is 
Induced in the livers of rats after treatment with polychlorihated btphenyls. In vitro 
protocols are now availabie In which .cell lines can be hduced to transdrffererAtete (see 

20 Shen, Slack & Tosh, 2000, Nature Cell B/o/.vol 2, p. 87S-8a7). Finally, there have been 
reports of spedaiised cell fype$ that can de-drfTerentiate to yield stem-like cells with the 
potential to differentiate into ItJrther cell types. 

Stem cell growth and dtferentfation 

25 

An important property of stem cells Is their ability to divide eymmetricaliy in culture, giving 
rise to two daughter cells that are exact copies of tiie stem cell from which they were 
derived. This allows stem cells to be expanded in culture In their undifferentiated state, 
producing enough material for biological studies or even cell therapy. The means by 
30 which stem cells are abfe to do this is naturally Jhe subject of intensive research, yet few 
of the factors that promote stem cell renewal are known. Typically, pluripotent stem cell 
Rnes are maintained on milofically inactive feeder layers of fibroblasts, or medium 
conditioned by such cells. It fe assumed that feeder cells elthsr remove/neutralise some 
unknown factor from tiie culture medium, or otherwise they pn:>vlde a factor that 
3S supprssses Ihe drfferenthalion and promotes the eetf-nenewal of stem cells. One such 
fector Is leukaemia inhibitory factor (LIF), a member of the cytokine family related to IL-6, 
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which is capable of prDmoSng mouse ES cell seflWenevval rn the absence Of feeder cells. 
Stem cefls gccmx in the abseru^ of feeder oells (and/or LiF) often dTdferenHate 
spmtaneously and haphazardly, producing a mixture of dSferentiat^ cell lypes. 

i 

5 The factors that influence stem ceD seff-fenswal may either be sfimulatory or inhibitory 
and may funcHon e?clracellulat1y or intraceBularly. !n the case of the ^cnetsd facAor UF, it 
is known that Ite extracellular receptor is gp 130, and that a<ahration of this protein both 
necessary and suffioent for inhibta'r^ murine ES cell dtfSerer^iation. Within the oell, a 
crudaf downstream effector of gp130 is the signal traneducer and adivator of 

10 transcription^ (STAT-3)r Another mdemjle which is particuiariy impoitant In maintaining 
stem cell pturipoten^ '3 the fransc^pfion factor Qct-4. which when downr^ulat@d 
artificidiy leads to the loss of ^ pturfpotent state in ES cells or mice. Other signalling 
molecules thai naturally inhibit ES ceil self-renewal, sudi as the mitogan-actlv^d 
protein kinase, have also been eluddated. A major goal of stem ceH research vnll bo the 

IS discovery of natural and synthefac iactors, drugs; polypeptides, genes, o1|gonuc(eotides, 
tissue culture media and conditions, specific conditioned media, feeder cells, and other 
stimuli that have the effect of promoting the exp^sion and retaining the differentiation 
potential of various types of stem cell. This includes adult stem ceils, which at present 
have not been expanded ^reciabiy in ceil culture. . 

20 - 

The second great challenge of stem cell rs^rch is to dlred the drrrerencH$ftion of stem 
ceils to partic^ar ceil ^es wtiich are fUnctionai, can replace ceils lost in various disease 
sta!es, and nssuit in a posiSve clinical outcome. Coaxing stem c^ls to begin 
differentiating is actually a lairiy straightfonvard process. For instance, ES celfs removed 

23 from feeder cultures and grown to confluence on an adherent substrate will begin 1o 
differentiate spontaneously. Similarly, £S cells removed from feeder cultures and grown 
on a non-adherent substrate will form embryoid bodies - clusters of undifferentiated and 
partially differentiated cells from all three germ layers. These cells can be suiasequentiy 
dissodated and plated In monolayer culture, and exposed to factors that promote 

30 directed difrerentia6on. Cultures exposed to tttese fiactors are mom lifosly to be populated 
by oT\e or ttwo typ% of dlfiisrenBated cell, compared to embryoid laodies or untreated 
culturss of differenfiafing ceils which comprise mixtures of many different cell types. 
Nevertheless, few if any conditions have been devised thus far that piToduce sut)stant}ally 
pure ouftures of differentiated cells. In addition it is not clear if any of the protocols 

35 devised for stem cell drffenentiatron yield cells that are suiteble for cell replacement 




theraf^ - ft may be that tiie cells have not terminally differentiated Into the precise 
phenotype P^uired, or that the differentiated <^s are no bnger viable in viva 



The factors that have lieen used to induce directed differentiation of Sem ceils indude: 
5 retinoic acid, epidermal growth factor (EGF), bone morphogenic proteins (BMPs), basic 
fibroblast growth factor (bPQF). adivir>A transforming growth Victor beta-1 (TFO 
hepatocyte growth factor, nen^ growth fader, sonic hedgehc^ (SHH), InterleukirbS (IL- 
3). tnteileuKln-6 (IL-6), granuloq/te macrophage colony eSmuIating factor (6IUI-CSf=). 
erythropoiefin, vit^n -03, dexamethasone, ^-mercaptoeUianol, butylated 

10 hydroxyanlsole, 5-azacyi!dine, DM80, Insulin, thyroid honmone (T3), LIF, foetal calf 
semm, vaddilar endothelial growth factor (VEGP), steel fiactor, low oxygen 
concentration, ascorbic add, (5-g!ycerophosphate, nicotfnanntde, platelet derived growth 
facbr (PDGF), cAMP, various cell adhesion molecutes and substrates, and Others. . In 
addition to these defined factors, It Is HkBty thai undefined extracts, such as condftianed 

15 meoRa, human and animal tissue homogenates. or plant extracts can be used to direct 
stem cell differentiation. Progressive fractionation of these undefined extracts may yield 
active fractions or even pure components witti high potency. These factors can be added 
to the growth medium used In a particular e«periment, ^her alone, or In combination, or 
in a defined order whicli is crudal to the ea^erimiBntal result. 

20 

Many systems that have be^ devised for Sie differentiation of $tem cells in vitro are 
complex multi-stage procedures, in wtiich the precise nature of the various steps, as well 
as the chronology of the various steps, are important For instance, Lee et POOO, 
" Mature Biotechnology, vol. 18, p 675-679) used a five stage protocol to derive 

25 dopaminergic neurons from mouse ES cells. Undifferentiated ES cells wars sanded on 
gelatin-coated tissue culture surfiace in ES ceil medium in the presence of LIF (stage 1). 
Embryoid bodies were generated In suspension cultures for 4 days in E$ cell medium 
(stage 2). NesSn-posrSve cells were selected from embiyoid bodies in FTSFn medium for 
8 days after plating on tissue culture surface (Stage 3). Nestin-positive ceils were 

30 expanded for 6 days in N2 medium containing bFCF/lamfnin (Stage 4). Rnaliy the 
expanded neuronal precursor cells were induced to differentlete by withdrawing bFGF 
from M2 medium containing laminin (Stage 5). 

However it Is not only the sequence and duration of tiie various steps or the series of 
35 addition of different factors that is important in tiie determination of cell differentiation. As 
embryonic development occurs ttupough gradients of signailing factors that impart 
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positional information, ft fe to be ei^pected that the concentration of a single signalling 
factor, and also the relatitfe concentration of two factors, will be important in spedfying 
the fet^ of a celi popul ation in vitfo and In vivo. Factor concenlraBon s vary during 
development and 3t^ cells respond diffisrently to different concentrations of the ^ 
5 moIecule.Forinstance.s{emcelisisofatedfrorntheCNSoflat»9laSBembiy^ 

differentiy to different concentrations of EOF: low concentrations of ESF resultin as^nal 
to proriferate, while higher concentrations of EGF result in proIHeraHon and differentiation 
toasttot^tes. 

10 Many of the factors that influence- self^ne\Aral and differentiation of stem cells are 
naturally-occurring molecules. This la to be expected, as differentiation is induced and 
oontrolied by signalling molecules and receptors that ad along signal transduction 
pathways. Hovwever, by the same tokea K is likely that many synthefc compounds will 
have an effect on stem cell difitereniiation. Such synthetic compounds that hawe high 

15 probabiBty of frrferacBng with cellular targets within signalling and signal transduction 
pathways (so called drugable targets) ar» routinely syntheslaed. fbr instance for drug 
screening by pharmaceutical companies. Once knOwtfn. these compounds can be used to 
direct the differentiation of stem ceils ex vivo, or can be.administerBd m vivo In which 
case fliey wuW act on resident stem, cells inlhe target organ of a patient 



Ijlnrnmon va 'f**Mea in tissue cuHupe 

in developing conditions fbr the successftjl culture of a particular ceil type it is often 
hnporlanttoconsider a varied of fectors. 

On© important factor is the decision .of vifhether to propaisate the ceDs in suspension or 
as a monolayer attached t& a substrate. Most cells prefer to adhere to a substrate 
although some, including transfbnned eels, haematopoietic cells, and cells from ascites, 
can be rroiaagated h suspension. 



Assuming the culture is of adherent cefls. an important fador la the choice of adhesion 
substrate. Most laboratories use disposable plastics as substrates for tissue culture. The 
plastics that have been used include polystyiene (the most common type), polyethylene, 
polycarbonate. Ferspex, PVC. Teflon, cellophan© and cellulose acetate. It Is liteiy than 
35 any plastic can be used, but many of these will need to be treated to make them wettaWe 
and suitable for cell attachment Furthemfiore it is very likely that any suitably prepared 
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solid substrate can be used to pravfde a support for c^Is, and ttie subs&ates that have 
been used to date include glass (ag. alum-borosfncate and soda-Jime glares), rubber, 
synthetic fgan^ polym erised dodrans. metal (ag. atainle^ steel and fitanium) and 
others. 

Some cell types, such as bronchial epSheraim, vascular endotheRum, skeletal muscle 
and neurons nequfrethe growth substrate to be coated with faiologfcal products, usually 
extracellular matrix materials such as fibronectin, collagen, lamihfn, polylysuie or others. 
The growth substrate and the method of ^jplicatton (wet or dry coating, or gellir^) can 
have an effect on the growth and dlffererrtiation charaoteiistfcs of oelb, and these must 
be determined empincally as discussed atyove. 

Probably the most obviously Important af the variables In cell cuRure is the choice of 
. culture medium and supplements such as serum. TTiese provide an aqueous 
compartment -far ceil growth, complete with nutrients and various factora, some of which 
have been r^ed above, otheis of which are pooriy defined. Some of these factors are 
essenfial for adhesion, others for conveying information (e.g. hormone^ mitogens, 
cytokines) and others as detrodficants. Commonly used media include RPIWI 1640, 
MEM/Hank's salts. MEM/Earie's sate, F12, PMEM/F12, L16, MCDB 153, and others. 
The varfous media can differ widely in their consfituents - some of the common 
differences include sodium bicarbonate concentration, concentratton of divalent ions 
such as Ca and IMg. buffer composition, anfibiotics, trace elements, nudeosidas, 
polypeptides, synthetic compounds, drugs, etc. It is well known that different media are 
selectrve, meaning they promote the growBi of only some cell types. Media supplemente 
such as serum, pituitary brain and other detracts, are often essential for the growth of 
cells In culture, and in addifion are frequenH/ responsible for determining the phenotype 
of cells In culture, i,a they are capable of detenninmg cell sunrfval or directing 
differentiation. The role of supplements in cell differentiation Is complex and depends on 
their concentrafion, the time point at Which they are added to the culture, the cell type 
and medium used. The undefined nature of these supplements, and their potential to 
affect the cell phenotype, have motivated the development of serum-free media. As with 
all madia, their development has come about largely by trial and error, as has been 
discussed above. 

The gas phase of the tissue cufture is also important and iis composition and volume Is 
detemilned by the type of medium used, the amount of buffering required, and whether 
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the cu«u,B vessel te open or .aaled. Common variables include cncntmtton of ca*on 
dioddednd oxygen. 

other condifi<^s iSor^'toti^ cuS»B ftiducte ti,VdIol^^nili5Si-vess^^^ 
of headsp^ce. ^laecn de,^, te™perat.e. fte^npy ^^-^^ 
with ^es. rate and mod^ of agitation or stirring. In various appncahons.to^l^^ 
to studies of ceil differentiafion. it will olten be the case that a specific ^ of drffarert 
tissue cu«u« tondWons are requited to effect a ch^e in Phenolype. The dfffeierrt 
conditions may include additions or withdmwals to/from the media or ihe change of 
„«dl3 at spedfic lime points. Such a set of conditions, examples of >«/hich are given 
beiow. are commonly developed by trial end error as has been discussed above. 

p^ m^tiftrt of grfi unite 

An important aspect of the pr^ent invention Is that g«>ups of cells (cell colonies) can be . 
qrown in ceu cufture under various conditions and that the colony can largely ma«Tta.n ds 
Legrity under various conditions. ^ distorted, and «,hen mixed ^f^f'^^^' 
Su^gmups or colonies are ref^ to hereiri as cell units. This may be ach,eved by 
way of inustTHUon. by growing cete as adherent cultures on solid substrates such ^ 
glass spheres. In general, Hve adherent cells are difficuft to dissociate from the,r growth 
substrate, and so the Integrity of the cell colony persists despite any mechanical 
manipulation of the glass bead, agitation of the culture medium, oriiansfer into another 
ti^ue culture system. Simllariy. if at any time multiple beads are placed ^ the 
v^se! 0.e. the beads are pooled) then there v«ll be no substantial transfer of cells frcm 
25 one bead to another. 

one advantage of growing c«lls In units or colonies Is thatlf a «nft te Placed serially m a 
set of different tissue cutture media, then ail the cells comprising the colony v.11 have 
been exposed to the same series of culture conditions. In the same order and for the 

30 same period of time, drawing cells in units that are not necessarily themsdves adherent 
to the tissue culture vessel hasthe advantage that individual colonies can be removed at 
will and transfenedio a different oulU^ vessel. One of the advantegeS of this method Is 
that tfesue culture ^ be min-^sed: relatively few cells are required to colonise a 
microcarrier bead (see below) compared to even the smallest tissue outture flask. A 

35 further advantage of growing cell units Ibmred on canters Is that ceil '^^'^ 
scaled up. Growth of stem cells on caniers offers a way of scaOng up producbon to 
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provide enough material for stem ceJl therapy. B^ualfy, differentiation of stem cells on 
earners offers a way of scaling up production ^ c&fi^&T^'atron proceeds, eventually 
providing enough material Ibr c^l r^acement theraqaies. Scale up of such cell cuKur^ 
. reqUrfS at leaS'^Og (dry v^Irt) Wmlo^i^er, preferably, 'IQiSg, 6D0g, 11^, iGfig or 
5 more. 

Another onportant advantage of ibnning cell units on soltd substrates is that the 
substrate - and then^fore the attached cells by reason of association - can be labelled fay 
venous means. 

10 

Glass ^heres of 3mm and 5mm have been widely used as ceH adhesion substrates, 
parficularly In glass bead bioreactors fe.g. such as mantifectured by Meredos Gmbh) 
used for the scale-up of cell cultures. TTiese beads are ^Ically used in pac^^ beds 
rather than batch cuSure» to avoid mechanical ctemage to the adherent cells. 

15 

In contrast when cells are grown on smaller carriers they can be treated as a suspension 
culture. Micmcarrier cultures are used commerdafly for antabody and Interfen^n 
producBon In fermenters of up to 4000 litres. A variety of micnocaniers wr& available, 
ranging In shape and size and made of different materials. MIorocamer beads made of 

20 polystyrene (Biosiion. Nunc), glass (Bicglass. Solohtll . Eng), collaflen {Biospheres, 
Sotohill Eng), DEAE sephadex (Cytodex-1, Phamnacia), dextran (Donnacell, Pfeifer & 
Langen), cellulose (DE-53, Whatman), gelatin (Gelibead, Hazelton Lab), and DEAE 
dextran (MIcrodex. Dextran Prod.) amongst others are commercially available. These 
carrters are well chanaoterised in terms of the spedfio gravity of the beads, the diameter 

25 and the surface area available for oell growth. In addition a number of parous (micro) 
carriers are availatde with greatly increased suriiace area for ceH grtnivth. A liirther 
characteristic of these porous canrlers is that they are suitable Ibr growth of both 
anchorage dependent cells, as weli as for suspension cells which are earned by 
entrapment in the nstworic of open, Interconnecting pores, Ponous carriers are available 

30 in materials such as gelatin (Cultispher e, HyClone), cellulose (Cytocell, Phamiacia), 
poiyethylyne (Cytolfne 1 and 2, Phanmada), silicone rubber (ImmobasiK Ashby 
Sdentilic), collagen (Microsphere, Cellex Biosciences), and glass (Siran. Schott 
Glassware). These carriers are variously suit^ to stimed, fluidised orfbeed bed culture.* 
systems. 

35 
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As ihe physical propwties of camemara well known ft is easy to calculate the number of • 
cantos used In an experiment Some of 1he caniefs cte$cribed and many besides are 
gjgifahlg as drfed £gduffl vvhidi can be accur ately weighed, and subsequ«itly 
prepared by swelling in liquid medium. In addition the number of cefls u$ed to InooJate a 

5 microcarrier culture can be worked out and varied. For Instance, a culh^^ 

p gfl-rtre) inoculated. at 6 cans per bead wlB give a culture eentalnlng 8 mDlto 
. mtorocarriera, on which 48 million ceDsMre are gn?wn at a density of 5x10* celfcrfcm^. 
Hanrestmg of cells grown on mferocairiefs can be achieved by en^ymafc detachment of 
cells, or altemafiveiy by digestion of the canrfer Hself where applicable: gelatin can be 

10 solubifead by trypsin and^or EDTA. collagen beads using coDagenase and dextian using 
dextranase. 

In addition to solid or porous microcaniers. cells may be grouped by. immurement, Le. 
confined within a medium penneable barrier. Membrane culture system* have been 

15 developed where a pemieable dialysis membrane retains a group of calls, but aBows the 
culture medium and Its constituents to exchange Irfeely wMi the inner and outer 
compartments. Cell culture in hollow fibre oarMdgea has also been developed, and a 
multitude of fibres and even turn-key aystente are commetoially available (e.g. fiom 
Amfeon! ceiiex Blosdenoes). Cell encapsufaSbn in seml-«olki matrices has also been 

20 developed, where cells are Immobllfeed by adsorption, covalent bonding, orossnnking or 
entrapment in a polymeric matrix. Materials that have been used frwdude gelatin, 
polylywne, alginate and agarose. A typical protocol, Is to mix 5% agarose at 40''C with a 
suspension of cells in their nomiat growth medium, to emulsHy the mixture using an 
equal volume of par^n oil and to cool In an Ice bath, producing spheres of BO-aOOfan 

25 diameter. These spheres can be sejiarated from the oil and tr^nsfenred to medium in a 
tissue culture vessel. 

call enlrapmenl Is a simple method for the Immobilteation of groups of calls, akin to the 
use of microcarriers or porous sufcfefrates. A simple teohrique is to enmesh cells In 
30 cellutose fibres such as DEAE. TLC. QAE. TEAE (an available firom Sigma). Other more 
sophisticated devices are ceramic cartridges whidi are suitable for suspension cells, as 
In the OpBc^ cutture system (Celiex Biosdenc^). 

One skilled in the art will envisage, in addition to the above methods of creating cell 
35 units, other methods of creating groupings of cells including fonning 3D cUHutes of cells 




such 9s neural spheres or embryoid bodies, or using tissues and indeed whote 
organians such as Dnwophila orC. B^ans. 



CombiratPilaf serial culture of cells 
S Spia-Dool cell cultiire 

Formiiig cell unrts (p^rtictdarly microscopic cefl unRs) is usefid for sampling multiple 
tissue cniHure conditions as each ceD unft constitutes an easily handled mft that can l^e 
exposed to a vanefy of cell culture conditions. For ^plidty. In this discussion we will 

10 assume that cell groupings are produced by growing cells in microcanler culture, and the 
terms cell unit, cell group, colony and l^ead are used Interchangeably. Howevefi the 
methods described are equally applicable to any c^l unit, for instance those described 
above. A particularly effjdent method for sampling a large number of cell culture 
condcfaons Is referred to as split^pool cell culture (Fig 1). The method operates by taking 

15 . an initial ^iaitoc culture (or dffierent starter cultures) Cf oell units dMded into Xi number of 
aliquots eadi containing midtiple beads (grQups/colonies/carrlers) which are grown 
separately under diffeFent culture conditions. Following cell culture for a given time, the 
cell units can be pooled by combining and mixing the beads irom the different aiiquots. 
Ttns pool can be spirt again into Xa number of aiiquots, each of which Is cultured under 

20 different conditions for a period of time, and subsequently also pooled. This iterative . 
procedure of splitting, cultunng and pooling (or pooling, splitting and culturing; depending 
on where one enters the cycle) cell units allows sampling of many different cell culture 
conditions (the combinations of cell culUire conditions tested is equal to the product of 
the number of different conditions pCt, Xa. ....Xn) sampled at each round). The procedure 

25 Is effident because multiple cell units can share a single vessel, where they are cultured 
under identical condiBons, and it can be canied out using only a few culture vessels at 
any one time (the number of culture vessels in use is equal to the number of split 
samples). In many respects the principle of Oils pracedure resembtee that of split 
synthesis of large combinatorial libraries (Icnown as combinatorial ohemletry), whfdi 

30 samples all possible combinations of linkage between chemical building block groups^. 
($ee for example: Combinatorial Chemistry, Oxford University Press (2000). Hicham 
Fenniri (Editor)). The split-pool procedure can be repeated over any number of rounds, 
and any number of conditions can be sampled at each round. So long as the number of 
cell units (or colonised beads in this example) is greater than or equal to the number of 

35 different conditions sampled over ail rouncts, and assuming that the splitting of cell units 
occurs totally randomly, it b expected that there will be at least one cell unit that has 
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been cultured according to each of fhd various oiinblnafions. cf Gultun& CondfUons 
sample by the experiment This procedure can be used to sample growth or 
drfferentraBon condrBons tor any ceS type, or fiie efficiency cf biomoleoile production 
(ag. pnoduction of eiytiv«9)o^*n or interferon) by any cell type. Because the prb<^ure 
5 is KeraGN^, it is ideally suited to t^tlrg muliistsp tssue culture protocols - ior In^anoe 
those described above in connection with stem cell difTerenSaQon, The variables which 
can be sampled using this ^chnlque include cell type, cell grouping (e.g. microcarrier 
culture, cell encapsulaficn, whole organism), growth substrate (e.g, fibronecHn on 
microcarner), durslson of cell culture round, temperature, d^er^ culture media 
10 (including diff era it ooncentratione cf constituents), growth factors, ocMtdiSoned media, . 
co-culture with various ceD types (e.g, feeder cells), anfmal or plant extracts, drugs, other 
synfitetc chemicals, infection with viruses (ind. tranegenic vlniees), additibn of 
transgenes, addition cf antisense or anB-gene molecules (e.g. RNAi, trffirie helb^, 
sensory Inputs (in the case cf organisms}, and others. 



Analysis and/or senaiafion of cell units 

Follovying each round of cell culture, or efter a defined number of rounds, ft© cell units 
can be assayed to detenrune whether there are membens displaying increased cell 

20 proliferation. This can be adiieved by a varied of techniques, for iristance by visual 
Inspection of the e^ll units under a microscope, or by quantiteHng e marker product 
diaracbsrMo of the cell. This may be an Oogenous meiter such as a particubr DMA 
' sequence, or a ced protein which can be detected by a Rgand or antibody. Aitema^ly 
an exogenous marl^r, such as green fluorewent protein (OFF), can be introduced irito 

25 the cell units bdng assayed to provkfe a 9pe6rflc raadout of (living) cells. Conversely, 
dead cells can be labelled using a variety of methods, for instance using propldtum 
iodide. Furthermore the labelled cell units can be separated from unlabeHed ones by a 
variety of techniques, both manual and automated. Including atflmty purffication 
(•panning^, or by fluorescence activated cell sorting (FACS), 



Following each round of cell culture, or after a defined number of rounds, the cell units 
can be assayed to deterrrone whether there are menUaens displaying a parScular 
genoivpe or phenoiype. Genotype detentifatation can be carried out using well known 
techniques such as the polymerase chain reacfion (PCR), fluorescence in situ 
35 hybridisation (FISH), DI^A sequencing, end ofhersw Phenotype determination can be 
can-led out by a variety of techniques, for Instance by visual bn^edson of the cell units 
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under a microscope, or by cfetecting a marker product characteristic of the cell. Thfe may 
be an endc^enous marker such as a particular DKA sequence, or a cell protein whfcA 
can b6 deeded by a Ugan d or anfa'body tha t re<»gmses a partkxilar phenotypic marker 
(See Appendix E of Stem CeBs: ScfentSfc Progress and Future Rese&roh D/z^b/Ts. 
5 Dapartment of Health and Human Serviced. June 2001; incorporated herein by 
reference). The labelled cell units can be eepdnsfted from unlabeUed ones by a variely of 
techniques, both mamtal and autonnded, including affinity purification Cpanning*}, or by 
fluorescence activated cell sorting (FAC8).Ntehikawa et al (1998, Develgpment vol 1% 
p1 747-1757) used cell surface rnarkers nscognised by antibodies to fbllow the 
10 differentiation of totipotent murine E8 ceils. Using FACS they wer^ able to identify and 
pur^ cells of the haematopoietic Qneage at various stages in their diflereniation. 

An alternative or complementary technique for enriching cell units of a particular 
genotype or phenotype Is to genetically select the desired groups. This can be achieved 

15 for snstance by introducing a selectable marker Into the cell units, and to assay for 
viabiPrty under seleclive conditions. Li et el (1988, Cun- Bio! vol 8, p 971-974) identified 
neural progenitors by integrating the bifuncb'onal selection maricer/reportar ^geo (which 
provides for p-galactosidase eoSyity and G418 rssistance) into tfie Sox2 locus by 
homologous lecomUnation in murine E8 cells. Since one of the cheracterfetlos of neural 

20 progenitors Is expression of 8ox2, and thersfore the biftegrated mari^r genes, these cells 
could be selected ftx^m non-neuronat lineages by addition of G418 after inducing 
dHferentiatlon using reSnoic acid. Cell viability could be detenrtlned by Tnspectton under a 
microscope, or by monitoring p-gal activity. Unlike phenotype-based selection 
approaches, which can be limited by the availability of an appropriate llgand or antibody, 

25 genetic selection can be applied to any differentially expnassed gena 

Petemilnation of cnltuns history of a ceil unit 

I. 

When handling laige numbers of cell units, their history 0br example the ohronology and 
30 the exact nature of a series of culture conditions that any one group may have t^een 
exposed to) can become conftised. For Instance, the split-pool protocol of ceil cuHum 
necessarily involves mixing cell units in each round, making it difficult to follow (ndMdual 
units. It IS therefore advantageous to label the cell units. This may be achieved by a 
variely of means, for instance labelling either the cells themselves, or any material to 
35 which the cells are attached or otherwise associated with. Any of fiie chemfcal and non- 
chemical methods used to encode synthetic combinatorial libraries can be adapted for 
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this purpose an.* some of these ar^ described in Methods m En^logy Vol 2B7 (19S6). 
• 'Comb-matoria. Chemistry. John M. Abelsor, (EdKor); and Combinatorial Chemistry, 
fWbrd University Press (2000). H idiam FerffnriJKitor). 

S The principle of these iat^nngmelhods 19 that urnc^e tags are seq^^^ 

wth the cell units as ihey 3re spirt end/or exposed to each cultuiB corufition in a series, 
such that subs«iuent detection of the tags provides fcr ah unamb^ous record of the 
chronology and identity of *e cdl cuKurB conditions to which the cell unit hae been 
exposed. One simple chemical tag that can be Introduced to cells or attached to a matrix 
10 associated «fth cells is an oHgonudeofide of defined length and/or sequence. 
OttgohudeoBdes can be taken up by oelie. or attached to the cell surface by a euilabio 
ngand or antibody, or corflugated to a oeli^sociated matrix by adsorption of a vanety of 
Ifnicagea such as covalert linkage or non-covalent Kni^ge, e.g. biotin-streptavdin 
linkage. The oligonucleotides may comprise any dass of nudeic add <e.g. RMA. DMA. 
15 PNA linear, drcular or viral) and may contain spedfic sequences for amplificaton (ag. 
primLr sequences Ibr i^-GR) or labels for detedion (e.g. fluorophores or quendiers. or 
rsotopic tags). The detection of these may be direct, <br instance by sequencing the 
digos or by hyl?ridising them to complementary eequerw^a (e.g. on an array or dUp). or . 
ihdir«dasbymon«o,inganor«onudeoiide*noodedgeneprodud.o^ 
20 the nucleotide vuith a cellular actlvily (e.g. anBsense InhlbWon of a parficular gene), in 
addition to ollgonudeotides. any other molecular tag can be used so long as it can be 
deteded. induding peptide tags, secondary amines, halocarbons. mixtures of stable 
isotopes etc. Cell growth substrates, such as those descnbed in connection with fom.ing 
cell units can be derivatised or coated with substances that fadiitate tagging and do not 
25 InlerferB v«ilh cell growth. In general it v«iB be important to use a tag thai can be 
distinguished from similar molecules present in cells or the culture media, and that can 
be attadied to its tai^et and subsequently deteded In the faadsground of sudi 
molecules. To f&dlitaiB detedion, it may be advantageous to setedlvBly elute tags from 
colonised beads or to strip off the cells from tagged beads using selective conditions. 
30 More compEcaiBd molecular tagging strategies can also be envisaged, induding the 
strategy of 'binary encod&ig' wher© InfbmrjaBon is recorded by a set of binary codes 
assigned to a set of moleculartegs and their mixtunss. 

Of particular interest are labelling or encoding strategies ™Mch are non^jhysical and 
35 therefore non-invasive. One sud. strategy uses eledronic merwry to record tha history 
of a sample. Nfcolaou et al (1995. Angew Chem IntI Ed Engl. vol. 34, p. 2283) have 
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described a miooelectronic memoiy semicondudor where fnformatlon is fec5orded via 
remote radfairequency fransmfssion, A 'microreactor' incorporating thfe technology, used 
to follow the synlheste of a pepdde library on beads, mmprfeed: (i) a porous enclosure 
confa&Ting a syntii$sis substrate and ttie semtecmductor^tei; (n).tti6 solid pfiase 

S synthesis resin; (m) a glass encased Single or Muffipl© Addressable Radiofrequenqf Tag 
(SMART) sen^iconduclor unft capable of receiving, stortr^ and emitfing ratfofrequenq^ 
signals). A similar de^ce could be adapted to growing and following cell units simjiHy by . 
replacing the solfd phase synthesis resin wr»i Ifesue cufture microcairiers or suftable ceD 
units. Mo(9 variations of this can be envisaged including but not limited to (coated) RF 

lO tags on vtfWch oells are grown db^ctly, or RF tags implanted Into cell units or brganfems. 
In addf&on, multiple variations of Ihe norMrfiemlcal tagging strategy can be devised to 
deterrriine ttie identity of a given ceil unit in a mixture or of deducing the identity of the 
different cell units that comprise a mixtLine- For instance optical or visual methods of 
tagging have been described where a combination of beads of different colour denote 

15 the identity of a sample (for example see isgs, Guiles et al, Angew. Chem. IntI Ed Engl, 
vol 37, p926), or where a pattern or bar code is etched onto a substrate auch as a 
ceramic bar and recognised using pattern reoognWon technology (for example see 1997, 
Xiao &t ai, Angew. Chem. InU Ed Engl, vol 36, p78a). 

20 The invention is further desobed HI the following exam 

Examples 



A split-pool culture expenment was performed in order to assay tissue culture oondStons 
25 that might give rise to neurons of a dopaminergic phenotype using a starter culture of 
untSfferentratad mouse E8 ceDs. 

Undifferentiated ES cells were grown on geteHn-coated tissue culture plates in the 
presence of 1.400 U ml -1 of teukemfa Inhibitory factor (LIF; GIBCO/BRL, Grand Island, 

30 NY) In ES cell medium consisting of knockout Dultjecco's minimal essential medium 
(DMEM; GIBCO/BI^) supplemented wrth 15% FCS, 100 mM MEM nonessential amino 
adds, 0.55 mlW 2-mercaptDethano!. L-glutamlne, and anfibiotics (all from GIBCO/BRL). 
To induce embryoid body ^B) Ibntiatlon the cells were dissociated into a single-cell 
suspension by 0,05% trypsin and a04% EDTA in PBS and plated onto nonadherent 

3S bacterial culture dishes &i a density of x 10^ cells cm"^ in the medium described 
^ove. The EBs wens formed for four days and then plated onto adhesive tissue culture 
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surface in the ES cell medium. After 24 h of culture, seiection of nestirH>osltive cells was 
accomplihed by replacing the ES cell medium by senm-free 
l n9Ulln/Trapsfenin/Sele nium/Rbronedin(ITCFn)mediu and incubatins for 10 days. 

These nestin-posievB cells ware used as the staffing material for a splftHJOol cumne 
exparimenL Specifically, the calte were dfesodatsd by 0.05% ttypan«1.04% EDTA and 
seeded on >10.000 glass biospheres CWhalman. UK) at approjdmately 1.5^ x 10^ celte 
cm-^ Tissue culture dishes used henceforth were made .fiom non-adherent matarial. 
Stenie glass beads were predated using polyomitWn© (15 mg ml and laminin (1 
mr' both from Becton Diddnson Labware. Bedford. MA). The beads ware divided 
rendomly intofour sate. ^ of which was Incubated in one of four tissue cuKurs media 
(denoted A1. A2. A3 or A4) whose composition is given . In Table 1 below. These are 
based on N2 medium modified according to Johe at al. (1996, Genes Dev. vol 10. p 
3129-3140) and which bhenoeforth referred to simply as N2 medium). 



A1 


N2 meifwm supplernented with 1 M tnr' of laminm. 


A2 


NZ medium supplemsnTHd with 1 mf' of tertr*. 10 ng i"!"' of bFQF (RSD Sysiaitis. 
Minneapolis, lUW- 


A3 


N2 medium supplemented w«li 1 |ig mf of iamWn. 10 ng mr' or dpi=i- \k&u oystsms. 
Minneapcflls. MN). murine fWarmlrBl tiagment of S^H (500 ng ml -1, from R&D 
Systems). 


M 


N2 medium syppiemenled vriih 1 iifl mP of laminin. 10 ng mP of bFGF (R&D Systems. 
Minnespofis. MN). murine N-terminal fragmetrtof SHH (500 ng ml -1. F»D Systems) and 
murine FGF8 isoJormb (100 ng mr'. R&D Systems). 



Table 1 



TTie fbur sets Of beads v«ere exposed to the respective tissue culture media for two days 
and then beads Irom all four cuKures were pooled, washed briefly in N2 medium, and 

20 again split into four sets each of which was incubated in one of media A1.A4. Allertvwo 
days this procedurB was repeated again. In order to sample cell culture to various 
combinations of media A1^ over a six day period. After this time, beads from ail four 
cgaures were pooled, washed briefly in N2 medium, and randomly spRl into four new sets 
each ef which was incubated in one of four new media (denoted B1, B2. B3 or B4) 

25 whose composifionfe given In TaW© 2 below. 



B1 



fS'medium supplemented with 1 pg ml of laminin, 10 ng ml - of ei^GF (R&D Systems, 
Minneapolis, MN). murine N-tsnninai fiagmeni of SHH (500 ng ml '\ R&D Systems) and 



08-Oct-02 03:0rpiQ FrosrD mitSt i CO 



+02380 719800 



T-24r p. 030/041 F-353 



27 





murine F(^8 isofbrm b (100 ng ml R&D Systems). 




N3FL medium: DMB\/1/F12 medrum containing in^vim (25fig/ml). li^uisfem'n 
(SOfig^mf), progesterone pOnM),piitnssdne (lOO^iM), selenium chlortde {30nM), bFGF 
(6ng/ml) and feniinEn (1»iQ/!ml), 


B3 


medium supplemenied with 2SmM HEPE5 (pH 7,4). laminin (1 mg mJ '). cAMP {1 pWl 
Sgma, St Lousi MO) and ascorbto acid (200 pM. Sigma, 8t Loufe, MO). 


B4 


N2 mecfium supplementsed with laminm (1 mg ml ''\ cAMP (1 fxM. Sigma, SL Louis, MO) 
and asoorfaic add (200 |iM. Slgmat St Louis, MO). 



Table 2 



Each round of culture was for five days, then beads from all four cultures wer& pooled, 
washed briefly In N2 mediunn, and split mtofour sets each of which was again rficubated 
5 In one of media B1-B4. This procedure was earned out a total of three times, such that 
the beads were present in the B media a total of 1 5 days. . 

Included In the compoeSon of the different culture media was a uitfque oligonucieoGde 
label that adhered to the gtes microoanlers (or cells) in small quant?6e$ and was 

10 subsequently amplified and analysed in order to deduce the whereabouts of a 
mtcroc^er bead at any time in the^split pool culture regimen. The D^4A sequence of 
each label dfffensd so as to distinguish between the different media Q.e, medium A1 vs 
medium A2) and also exposure to the same medium on two different rounds of split pool 
culture (I.e. medium Al used on Day 0 vs on day 4). A summary of the split pool culture 

IS regimen In the various media over a total of 21 days Is given in Table 3 below. Each 
entry in the table also shows (in parentheses) the Identity of the label included in the 
tissue culture flask. The full DNA sequence of the label is shown in Table 4. 



20 



Day 0 


Day 2 


Day4 


Day 6 


Day 11 


Day 16 


A1 (L1) 


A1 (LS) 


A1 (L9) 


B1 (L13) 


B1 (L17) 


B1 (L21) 


A2(L2) 


A2(L6} 


A2(L10) 


B2(L14) 


B2(L18) 


B2(L22) 


A3{L3) 


A3(L7) 


A3(L11) 


B3(L15) 


B3(L19) 


B3CL23) 


A4 (L4) 


A4(L8) 


AA{U2) 


B4(L16) 


B4(L20) 


B4(L24} 



Tables 



LI 


TGCAGGAATrCQCGCtATGCTaACGTGAAGcCACGnrnGCCqOSGCn^ 


L2 


TGCAGGAATrCt3CGCTATGCT9ACQT<3AA©tCAJ;??TrGCt^ 


13 


"Tt3CAGCSAAT^CGCC3C^^^l^T^ 


L4 


TRnAtScSAATTCGCGCTATGCrnACGTSAAGgCACGTCGCCDCG^ 


L5 


T<SCAGGAATTCGCC5CTATGCnAaCGTGlAAeAcACarCGCCAff^ 
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L7 



L8 



19- 



L10 



L11 



L12 



U3 



Lt4 

us" 



Lie 



L17 



L19 



125 



121 



122 



L23 



ISA 
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Ttm\GGAATrCGC<^ATgCr At£gT^^ 



Table 4 



Tr«3C6CTAT T gCT/WaSrBAftBftteC6TC 



TGCAGGAAT7X:6<:aa3TATCC rAAflS^^ 



TGCAGQAA7TCGCGCTATGCT AAb<^^ _ 

TT5CAGGAATTCGCGCTAT?^CT AAffiTGAA^ 
TeCAGGAATTCGCGCTATGCTAACaTGAAGAC^ 



TGCAGGiAATTCGGGCTATGCT AACaTeAAQACyttCT 



TGCAGGAATTCGGGCTAT<5g rAACcTGAAGAVAaG]C^ 
TGCAGGAATTCGCGCTATGCT AACtTG^^ 



TGCAGGAATTCGCGCTATGCT AACGafiAAGACftCcTC^^ 
TGCAGGAATTCt^<^ATG( yrAA£a5oG^ 



jfgCAGGAATTCGOSCTATGCT AACGaGA^ 
TGCAGGAATTCGCGCTATO TTi^^ 

TGCAGGAATrCGCGCrrATG trTAACGTqAAGACACGtC^ 



TGqrACl^GAATraSCGGTATGCr rAACGTeAAG^ 



TCCAGeAATTCGCGCrATtSCTAACGTWUaAC^^ 



By split-pool cutturfng the stem csells three times In the different A mecBa followed by 
times in the drffonent B media it was possible to sample 4096 diiTensnt tissue 
5 culture protocols - this being the tofal number of drtfeient comfainafions of the above 
buffers to whld) difl^rent beads were exposed. 

Following the final round of ^pK pool culture the beads were pooled, washed briefly In 
N2 medium, and analysed by FACS using standard protocols. Briefly, ceils were fixed in 
10 4% pamformaIdehyde^O.15% picric add in PBS. In order to detect dopaminergic 
neurons, cells were stsaned using an anfl-lyrosnne hydroxylase monoclonal (Sigma) 
followed by a fluorescently labelled secondaiy antibody (Jackson bnmunorase&rch 
Laboratories, West Gnove, PA) botti according to the manufacturer's ihstmctions. 



15 The five beads with the highest fluorescence Intenstty were sorted Into separate wells of 
a PGR phate and the oiigpnudeotide labels were amplified by thirty t^cles of PCR using 
Taq polymerase (Stratagene, La Joila, CA) and the primers shown in Tables below. 



PRF1 


TGCAQt3AATTCGpGCTAT<a5 


PRR2 


CAQGAATTCqQCC^QefSTCGp 



TabfeS 

20 




The PGR products were purified by phenol/chlorDform extractjcn followed by ethanol 
precipitation, digested using the resbicaion enzyme EcoRI (New England Bfolafas, 
Beverfe y, MA) ancl (j oned iiito slmBarly prepared pBluescript II KS+ vector (Stratagene, 
La Jolla, CA). The recombinant vector was electroporsitDd Into competent E. ooli DFl5a 
5 and plated on medium containing ampjcinin antibMic. Two hundred colonies were pid<ed 
for each bead analysed and plasmlci DNA prepared and sequenced in the region of the 
polyfinter. ^ 

The sequenchg anar^i$ revealed that ttie mi^m'ty of beads carrying celts vrith a . 

10 dopaminerdic phenotype were labeled by oiigos (L4, L8, LI 2. LI 6, L20 and L24). 
Correlating these labels to their respec^e cell culture conditions suggested that these 
beads had l>een parStloned in medium A1 over a total of six days (on Day 0, [}ay 2 and 
Day 4) followed by medium B4 for a further fifteen days (on Day 6, Day 11 and Day 15). 
It was deduced that this culture protocol was one appropriate -for the production of . 

IS dopaminergic neurons by processing mouse ES ceils as described above. 

Once these conditions were established, undlfferentTated cells were again cultured . 
according to the above protocol (Le expansion, EB form^on, nestin selection ^o.) but 
without undergoing the process of spBt pool cidtune. Cells w&e grown on adhesive tissue 

20 culture plates Instead of beads, oligonucleotide lebels were not added to the dr^rerit 
culture media, and only the successful culturing conditions were assayed. In this way 
larger numbers of dopaminenglc cell^ could be produced and tested for pa:ttems of gene , 
expression. Total RNa was removed from cells otrtained from four stages of the culture 
protocol: (1) pluripotent ES cell population; (2) embryoid bodies; (3) dissodated and 

25 plated cells undergoing selection for nestin; end (4) nestin posRiVe cells cultured in bufier 
A4, OPIMA was prepared using reverse transolptase and priming with random tiexamere 
and the amount of acfan transmpt nonnalised between the various samples. Neural 
cDNAs were prepared using the primers shown in Table 6: 



GENE 


FORWARD PRIWER 


REVERSE PRIMER 


*v& stage 


ObCZ 


CCATBACCTATA CTCWSOCnTCAGG 


GAAGCTGCATATCC-CTOQGTGGAAAG 




Pax2 


CCAAAGTGGTCGACAAGATrecC 


GGGATAGGAAGGACGCnrCAAAOAO 




Pax5 


0AGATGTAGTCCGC-CAAAGOATA3 


ATGCOACTSATGGAOTATCWfitSAGCC 


3.4 


En1 


TCAAGAC7T3ACTCACAGGAACC0C 


CI 1 iGlCOTGAACCGTGGTOGTrAG 


4 


Wn« 


ACCTGTTGAC6GATTCCAAG 


TCATSAOGAAGCGTAGGTCC 


3,4 


Nuni 


TGAAOAGAGCGGAGAAGGAGATC 


TCTGCSAGnrTAAGAAATCGGAGCTG 


3.4 


nestin 


GQA6T<3TCGCTrAGA6Gm3C 


tccagaaagccmoagaagc 


<n3,4 



30 Tables 
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Table 6 also shows the steges in which tmns«fpts of the various genes were detected 
^-rjr^ rj>.^.nih^es indicate detection o f traces). From thesg._r^. rt .was 
deduced th^rt expression of En1. Pa 2, Pax5. Wntl and Nurrl vwuld be a sultabfe marker 
for cells desiined to a dopaminergic fete. ConviBfSBiy. transfection of pluripotent stem 
cells with such genes, for example Nun:1 . could lesuft in cammitment to a dopamineigic 
phenotype In vitro (Wagner et al, 1999, Nature Btotechndogy. vol 17. p 853^). 



10 




CLAIMS 



1. A jnettoiferjetgrg^^^ 1ft© effiect of a plurality of cuftune conditions on a cell, 
comprising the step? of: 
5 a) providing a firat set of grtiups of cell units each comprising one or vnor^ calls, 

and exposofig said groups to desired culture conditions; 

(b) poofing two or more of s^d groups to fbrm at least one second pool; 

(c) subdividing the second pool to create a further set of gn>i4>s of cell units; 

(d) exposing said furiher groups to dea'red oufture condition?; 

10 (e) optionally, repeating steps (b) - (d) iteiatively as »^uired; and . 

(Q assessing the effedt on a given ceil unit of the culture ooncEtions to v/hich it has 
been e3q3osed. 

15 2. method for d^emiining the effect of a plurality of cuituns conditions on a cell, 
comprising the steps of: 

(a) providing a first set of groups of oell unOs each comprising one or more celis» 
and exposing said groups to desinsd culture conditions; 

(b) subdividing one or more of said groups to create a further set of groups of cell 

20 units; 

(c) exposing said further groups to further desired culture conditions; 

(d) optionally, repeating steps (b) - (c) rteratively as required; and 

(e) assessing the effect on a given cell unit of the culture conditions to wtuch it 
has been exposed. 

25 

3. A method according to claim 1 or claim 2 wherein eadi cell unft is labelled and 
the label renects the sequence of culture conditions to wttich the cell unit has been 
escposed. 

30 4. A method according to any preceding daim, wherein the label is spatialty 
encoded. 

5. A method according to any one of claims 1 to 3, wherein the label is selected 
from the group consisting of an oligonucleotide, a peptide, a secondary amine, a 
35 haiooarbon, a mbcture of stable isotopes, an optical tag and a radlofrequendry encoding 
tag. 



T-24t P.03B/041 Ml 

6. A method according to any preceding claim, wherein the cetEs are cuttursd in cell 
units, eadi cell uini comprising on^ or more cel^ 

5 7, A method accorxftng to daim 6, wherein the Cdii units are a'ngle ceite. 

8. A method according to claim 8, wherein each ceil unit comprises one or rnors 
calls adherent to or t>aunded by a @oiid substrate. 

10 9. A method according to danti 8, wherein the solid substrate Is a mlcrucaaier or 
bead, 

10 A method according to ciaim 6, wherein the solid substrate i$ a well cht medium- 
pemieable bam'er. 

15 

11. A method according to any preceding daim^ wherein the cuiture condittons are 
media to whidi the cell ia e(xposed. 

12- A method aoconding to claim .1 1 , wherein the media contain one or more specific 
20 agents whiph influence cell proiiferation and/or differeniiailoa 

13, A method according to any preceding claim, wherein the ceil cuttura conditions 
Gompiise cultuiing at one or more specific temperatures. 

25 14. A method according to any preceding daim, wherein the cell cuiture conditions 
comprise oulturing on one or more specffio substrates. 

15. A method ibr Mentiiying a gene which InfiuenGas ceil proliferation and/or 
differentiation, comprising the $tepa oi: 

a) determinmg the efi^ct of one or mora culture concfitions on a cell unit in 
accordance with any one of the preceding daims; 

b) anaiysing gene esq^r^ton in said ceil units when. exposed to said cuiture 
condition^ and 

c) identiiying genes which are drfferentlaliy expressed under desired culture 
conditions. 
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16. A method according to claim 15, wherein the desfred cuKure condHfons influence • 
ceH differentrathm and/br proRfiBration. 

17. A method for pradudng a nudeic add which encodes a gene product which 
5 Muences cell prdifeTafion and/or differentiation, comprfeing identfying a gene in 

accordance with daim 15 or claim 16, 9nd producing at least the coding region of said 
gene by nudeic add synthesis or biological repBcafion. 

18. A method for indudng dffferentialion artd/or prolrfisrafion bi a ceB, oompn^ng the 
to steps of: 

a) identifying one or more genes Which are dffTerenfially eixpressed in association 
with cell differentiatton arid/or prdtferation in accordance \Artth claim 15 or claim 16; and 

b) modufatins the e^qpression of said one or more genes in the cell. 

IS 19. A method according to daim 18, wherein modulation of gene expression in the 
ceil comprises transfection of said one or more genes into the cell. 

20. A method accoitiing to claim 18, wherein modulation of gene expression 
comprises the exogenous administration of a gene product. 

20 

21 . A method for identi^ng the dHFerenti^gon ataie of a cell, comprising the steps dt 

a) idenefyfng one or more genes which are differentially expressed In association 
with cell differentiation in accordance with claim 15 or claim 16; and 

b) detecting the modulation of expression of said one or mor^ genes in a cell, 
25 thereby detennining the diffensntiatlon state of said cell. 

22. A method acoortfing to claim 21, wherein setd one or more genes encode an 
extracellular marker. 

3D 23, A method accortlng to claim 22, wherein ^id ^Iracellular marker may be 
detected by an immunoassay. 

24, A method for prcsdudng a differentiated cell, comprising the steps of: 

a) detennining the effect of one or more culture conditions on a cell unit In 
35 accordance with any one of daims 1 to 14; 
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b) exposing a pluripotert or farfipolent cell to culture condttkjns uvhich induce the 
desired diff^ntiation; and 

c> feolaa^ the desired differenfiafed cell. 

5 25. Amethodforldentiiy&tganagentv«hichis.«3pabteofindud^ 

cwviprising the steps of: j*. 

a) detemMng the effect of one or more ^rrts on a cett unit, in acoordanoo witti 

any one of daiins i to 14; and 

b) identBiflng those agerrt(s) vrtiich Induce the desired dtffemntlation in the cell 

10 urtits. 

. 26. A method fhr preparing an agent wKch b capable of inducing cell differentiation, 

comprising the steps eft 

a) detef mining the effect of one or more agents on a cell, unit, in aooOfdance with 

15 any one of claims 1 to 14; 

b) Identifying those agent{s) vrtiich indu^ ihe desired differenflaBon in the cell 

units; and 

. c> aynttiesisti^ or teoteft'ng the agent(s). 

20 27. A method for culluring stem ceDs or cells that have been derii/edfiTjms^ 

in vitro, comprising the steps o£ 

a) combining one or more culturts of cells grown under different conditions; and 

b}culturin9 the cells. 

25 28. A method for culturing stem cells or cells tliat have been deifisrad from stem cells , 

in vitro comprising the steps of: 

a) incubatir^ a stem ceil culture; and 

b) splKHng said culture Into tSNO or more groups of stem cells, and eulturing said 
group of stem ceUe under t«/o or more different seta of culture conditions. 

30 

29. A method according to daim 27 or claim 28. virtierein the cells are cultured In cell 
units, each ceU unit comprising one or more cells. 

30. A method according to daim 27 or claim 28. >«heraln tfje cefl units are single 
35 cells. 
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31 A method according to Claim 27 or daim 28, wherein each ceil unit comprises one 
or more cells adherent to or bounded by a solid substnate. 



32. A method accoitiing to daim 31, wherein the solid subsirate is a miorocanier or 
5 bead. 

33. A method acoordlng to daim 31 wherein the solid substrate is a wefl or medfum- 
psmieable barrier. 

10 34, A method for cufturing stem cells, comprising growing s^d etem cells adhered to 
a micnocarrier or beadr 

35. A method accortlfrig to dadm 34, wherein saW stem ceils are sut^eoted to at least 
one diange of culture oondttions. ' ' * 

15 

36. A method acooreiing to daim 35, vwhereirt aald change of culture conditions 
comprises a diange of medium. 

37. A method according to any one <rf cbims 34 to 36. wherein the process is scaled 
20 up audi that at least SOg (dry *ei^ of rnicrocamerfeemptoyed, 

3d. A method fbr obtaining differer«ated cells from stem cells in vitro, comprising the 
stepsofi 

25 (a) Growing stem oells adherent to microcaniers in a culture mecflum; 

(b) Transfening the microcaniers from one culture medium to anoflien 

(o) Optionally repeating step (b) as requlrad; and 

(d) Obtaining the differentteted cells attadied to the miorocanier. 

30 39. A method according to the preceding claim, wherein the process is scaled up 
such lhat at least 5Qg (dry welghO of microcanier is employed. 

40. A method according to dam 38 or 39, wherein the differentiated ceils are isolated 
by en^atic detachment from the microcarrier. 

35 
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41 . A method accffltllng to daim 38 or 39, v-hereirt the dBfeiiBntlated cells are isolated 
by d^gesHtm of the microcarner- 




Abstract 



A m^od for determining the effect of a plurality of cufture condiSons on a ceD, 
5 comprising tfie steps oft a) providing a first set of groups of ceU units eedi comprising 
one or more cells, and exposing said groups to desired culture condition; (b) pooling two 
or more of said groups to form at least one second pool; (c) subdivKling the second pool 
to createaftirther set of groups of cell unrtsjW exposing said further groups to desfred 
culture conditions; (e) opHonaHy, repeating steps (b) - (d) fterafively as require* and (f) 
10 assessing the effect on a given cell unit of the culture Mndffions to wdilch it has been 
(deposed. 




Split Pool Split 



Figure 1 




PCT Application 

GB0304287 



This Page is inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the 
original documents submitted by the ajipHcant. 

Defects in the images include but are not limited to the items checked: 
^ BLACK BORDERS 

ja^ IMAGE CUT OFF AT TOP. BOTTOM OR SIDES 
X FADED TEXT OR DRAWI>JG 

□ BLURED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

jaC COLORED OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LFNES OR MARKS ON ORIGINAL DOCUMENT 

□ REPERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning documents will not correct images 
problems checked, please do not report the 
problems to the IFW Image Problem Mailbox 



